






















































































































































































PART II 

WY0049697 Renewal 08-06-2007 
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A. MANAGEMENT REQUIREMENTS 

I. Changes 

The permittee shall give notice to the administrator ofthe Water Quality Division 
as soon as possible of any physical alterations or additions to the permitted 
facility. Notice is required when: 

a. The alteration or addition to a permitted facility may meet one ofthe 
criteria for determioing whether a fucility is a new source as determined 
in 40 CFR 122.29 (b); or 

b. The alteration or addition could change the nature or increase the 
quantity of pollutants discharged. 

2. Noncompliance Notification 

a. The permittee shall give advance notice of any planned changes in the 
permitted fucility or activity which may result in noncompliance with 
permit requirements. 

b. The permittee shall report any noncompliance which may endanger 
health or the environment as soon as possible, but no later than24 hours 
from the time the permittee f1rst became aware of the circumstances. 
The report shall be made to the Water Quality Division, Wyoming 
Department of Environmental Quality at (307) 777-7781. 

c. For any incidence of noncompliance, including noncompliance related to 
non-toxic pollutants or non-hazardous substances, a written submission 
shall be provided within five (5) days of the time that the permittee 
becomes aware of the noncompliance circumstance. 

The written submission shall contain: 

(I) A desctiptian of the noncompliance and its cause; 

(2} The period of noncompliance, including exact dates and times; 

(3) The estimated time noncompliance is expected to continue if it 
has not been corrected; and 

(4) Steps taken or planned to reduce, eliminate and prevent 
reoccurrence of the noncompliance. 

d. The following occurrences of unanticipated noncompliance shall be 
reported by telephone to the Water Quality Division, Watershed 
Management Section, NPDES Program (307) 777-7781 as soan as 
possible, but no later than 24 hours from the time the pennittee ftrst 
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(I) Any unanticipated bypass which exceeds any effluent limitation 
in the permit; 

(2) Any upset which exceeds any effluent limitation in the permit; or 

(3) Violation of a maximum daily discharge limitation for any toxic 
pollutants or hazardous substances, or any pollutants specifically 
identified as the method to control a toxic pollutant or hazardous 
substance listed in the permit. 

e, The administrator of the Water Quality Division may waive the written 
repm1 on a case-by-case basis if the oral report has been received within 
24 hours by the Water Quality Division, NPDES Program (307) 777-
7781. 

f. Reports shall be submitted to the Wyoming Department of 
Environmental Quality at the address in Part I under Reporting and to the 
Planning and Targeting Program, 8ENF-PT, Office of Enforcement, 
Compliance, and Environmental Justice, U.S. EPA Region 8, 1595 
Wynkoop Street, Denver, CO 80202-1129. 

g. The permittee shall report all instances of noncompliance that have not 
been specifically addressed in any part of this permit at the time the 
monitoring reports are due. 

3. Facilities Operation 

The permittee shall, at all times, properly operate and maintain all facilities and 
systems oftreatment and control (and related appurtenances) which are installed 
or used by the permittee to achieve compliance with the conditions of this permit 
Proper operation and maintenance also includes adequate laboratory controls and 
appropriate quality assurance procedures. This provision requires the operation 
of back-up or auxiliary facilities or similar systems which are installed by the 
permittee only when the operation is necessary to achieve compllsnce with the 
conditions of the permit. However, the pennittee shall operate, as a mlnimwn, 
one complete set of each main line unit treatment process whether or not this 
process is needed to achieve permit effluent compliance. 

4. Adverse Impact 

The permittee shall take all reasonable steps to minimize any adverse impact to 
waters of the state resulting from noncompliance with any effluent limitations 
specified in this permit, including such accelerated or additional monitoring as 
necessary to determine the nature and impact of the noncmnplying discharge. 

5. Bypass of Treatment Facilities 

a. Bypass means the intentional diversion of waste streams from any 
portion of a treatment facility. 
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b. The permittee may allow any bypass to occur which does not cause 
effluent limitations to be exceeded, but only if it is for essential 
maintenance to assure efficient operation. These bypasses are not 
subject to the provisions of paragraphs c. and d. of this section. Return 
of removed substances to the discharge stream shall not be considered a 
bypass under the provisions of this paragraph. 

c. Notice: 

(1) Anticipated bypass. If the permittee knows in advance of the 
need for a bypass, it shall submit prior notice at least 60 days 
before the date ofthe bypass. 

(2) Unanticipated bypass. The permittee shall submit notice of an 
unanticipated bypass as required under Part ll.A.2. 

d. Prohibition of bypass. 

(1) Bypass is prohibited and the administrator of the Water Quality 
Division may take enforcement action against a permittee for a 
bypass, unless: 

(a) The bypass was unavoidable to prevent loss oflife, 
personal injury or severe property damage; 

(b) There were no feasible alternatives to the bypass, such as 
the use of auxiliary treatment facilities, retention of 
untreated wastes or maintenance during normal periods 
of equipment downtime. This condition is not satisfied 
if adequate back-up equipment should have been 
installed to prevent a bypass which occurred during 
normal periods of equipment downtime or preventive 
maintenance; and 

(c) The permittee submitted notices as required under 
paragraph c. of this section. 

e. The administrator of the Water Quality Division may approve an 
anticipated bypass, after considering its adverse effects, if the 
administrator determines that it will meet the three conditions listed 
above in paragraph d. (1) of this section. 

6. Upset Conditions 

a. Upset means an exceptional incident in which there is unintentional and 
temporary noncompliance with technology based permit effluent 
limitations because offactors beyond the reasonable contt·ol of the 
permittee. An upset does not include noncompliance to the extent caused 
by operational error, improper designed treatment facilities, inadequate 
treatment facilities, lack of preventive maintenance, or careless or 
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b. An upset constitntes an affirmative defense to an action brought for 
noncompliance with technology based permlt effluent limltations if the 
requirements of paragraph c. of this section are met. 

c. A permittee who wishes to establish the affirmative defense of upset 
shall demonstrate, through properly signed, contemporaneous operating 
logs or other relevant evidence that: 

(1) An upset occurred and that the permlttee can identifY the 
cause(s) ofthe upset; 

(2) The permitted facility was at the time being properly operated; 

(3) The permlttee submltted notice of the upset as required under 
Part II.A.2; and 

( 4) The permlttee complied with any remedial measures required 
under Part II.A.4. 

d. Burden of proof. In any enforcement proceeding, the permittee seeking 
to establish the occurrence of an upset has the burden of proof. 

7. Removed Substances 

Solids, sludges, ftlter backwash or other pollutants removed in the colll'l!e of 
treatment or control of wastewaters or intake waters shall be disposed of in a 
manner such as to prevent any pollutant from such materials from entering waters 
of the state. 

8. Power Failures 

In order to maintain compliance with the effluent limitations and prohibitions of 
this permit, the permittee shall either: 

a. In accordance with a schedule of compliance contained in Part I, provide 
an alternative power source sufficient to operate the wastewater control 
facilities; or 

b. If such alternative power source as described in paragraph a. above is not 
in existence and no date for its implementation appears in Part I, take 
such precautions as are necessary to maintain and operate the facility 
under its control in a manner that will minimize upsets and insure stable 
operation until power is restored. 

9. Dutv to Comply 

The permlttee must comply with all conditions of this permit. Any permit 
noncompliance constitutes a violation of the federal act and the Wyoming 
Environmental Quality Act and is grounds for enforcement action; for permit 
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termination, revocation and reissuance, or modification; or for denial of a permit 
renewal application. The permittee shall give the administrator of the Water 
Quality Division advance notice of any planned changes at the permitted facility 
or of any activity which may result in permit noncompliance. 

I 0. Dutv to Mitigate 

The permittee shall take all reasonable steps to minimize or prevent any 
discharge in violation of this permit which has a reasonable likelihood of 
adversely affecting human health or the environment. 

II. Signatorv Requirements 

All applications, reports or information submitted to the administrator of the 
Water Quality Division shall be signed and certified. 

a. All permit applications shall be signed as follows: 

(I) For a corporation: by aresponsihle corporate officer; 

(2) For a partnership or sole proprietorship: by a general partoer or 
the proprietor, respectively; 

(3) For a municipality, state, federal or other public agency: by 
either a principal executive officer or ranking elected official. 

b. All reports required by the permit and other information requested by the 
administrator of the Water Quality Division shall be signed by a person 
described above or by a duly authorized representative of that person. A 
person is a duly authorized representative only if: 

(I) The authorization is made in writing by a person described above 
and submitted to the o.dmirustrator of the Water Quality 
Division; and 

(2) The authorization specified either an individual or a position 
having responsibility for the overall operation ofthe regulated 
facility or activity, such as the position of plant manager, 
operator of a well or a well field, superintendent, position of 
equivalent responsibility or an individual or position having 
overall responsibility for environmental matters for the company. 
A duly authorized representative may thus be either a named 
individual or any individual occupying a named position. 

c. If an authorization under paragraph II.A.l I. b. is no longer accurate 
because a different individual or position has responsibility for the 
overall operation of the facility, a new authnrization satiscying the 
requirements of paragraph II.A.ll.b must be submitted to the 
administrator of the Water Quality Division prior to or together with any 
reports, information or applications to be signed by an authorized 
representative. 
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d. Any person signing a document under this section shall make the 
following certification: 

"I certify, under penalty oflaw, that this document and all attachments 
were prepared under my direction or supervision in accordance with a 
system designed to assure that qualified personnel properly gather and 
evaluate the information submitted. Based on my inquiry of the person 
or persons who manage the system or those persons directly responsible 
for gathering the information, the information submitted is, to the best of 
my knowledge and belief, true, accurate and complete. lam aware that 
there are significant penalties for submitting false information, including 
the possibility affine and imprisonment for knowing violations." 

B. RESPONSffiiLITIES 

I. Inspection and Entrv 

If requested, the permittee shall provide written certification from the surface 
landowner(s), if different than the permittee, that the administrator or the 
administrator's authorized agent has access to all physical locations associated 
with this permit including well heads, discharge points, reservoirs, monitoring 
locations, and any waters of the state. 

The permittee shall allow the administrator of the Water Quality Division or ao 
authorized representative, upon the presentation of credentials and other 
documents as may be required by law, to: 

a. Enter upon the permittee's premises where a regulated facility or activity 
is located or conducted or where records must be kept under the 
conditions of this permit; 

b. Have access to and copy, at reasonable times, any records that must be 
kept under the conditions of this permit; 

c. Inspect, at reasonable times, any facilities, equipment (including 
monitoring and control equipment), practices or operations regulated or 
required under this permit; and 

d. Sample or monitor, at reasonable times, for the purpose of assuring 
permit compliance or as otherwise authorized by the federal act, any 
substances or parameters at any location. 

2. Transfer of Ownership or Control 

In the event of any change In control or ownership offacilities from which the 
authorized discharges emanate, the permittee shall notify the succeeding owner 
or controller of the existence oftltis permit by letter, a copy of which shall be 
forwarded to the regional administrator ofthe Environmental Protection Agency 
and the administrator of the Water Quality Division. The administrator ofthe 
Water Quality Division shall then provide written notification to the new owner 
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or controller ofthe date in which they assume legal responsibility of the permit. 
The permit may be modified or revoked and reissued to change the name of the 
permittee and incorporate such other requirements as described in the federal act. 

3. Availabilitv ofReports 

Except for data determined to be confidential under Section 308 of the federal 
act, all reports prepared in accordance with the terms of this permit shall be 
available for public inspection at the offices of the Wyoming Department of 
Environmental Quality and the regional administrator of the Environmental 
Protection Agency. As required by the federal act, effluent data shall not be 
considered confidential. Knowingly making any false statement on any such 
report may result in the imposition of criminal penalties as provided for in 
Section 309 of the federal act. 

4. Toxic Pollutaots 

The permittee shall comply with effluent standards or prohibitions established 
under Section 307 (a) of the federal act for toxic pollutants within the time 
provided in the regulations that establish those standards or prohibitions, even if 
the permit has not yet been modified to incorporate the requirement. 

5. Changes in Discharge of Toxic Substances 

Notification shall be provided to the administrator ofthe Water Quality Division 
as soon as the permittee knows o:t; or has reason to believe: 

a. That any activity has occurred or will occur which would result in the 
discharge, on a routine or frequent basis, of any toxic pollutant which is 
not limited in the permit, if that discharge will exceed the highest of the 
following 11notification levels": 

(l) One hundred micrograms per liter (I 00 [.lg/1); 

(2) Two hundred micrograms per liter (200 [.lgn) for acrolein and 
acrylonitrile; five hundred micrograms per liter (500 [.lg/1) for 
2,4-dinitrophenol and for 2-methyl-4,6-dinitrophenol; and one 
milligram per liter (1 mg/1) for antimony; 

(3) Five (5) times the maximum concentration value reported for 
that pollutant in the permit application in accordance with 40 
CFR 122.21 (g) (7); or 

( 4) The level established by the director of the Environmental 
Protection Agency in accordance with 40 CFR 122.44 (f). 

b. That any activity has occurred or will occur which would result in any 
discharge, on a non-routine or infrequent basis, of a toxic pollutant which 
is not limited in the permit, if that discharge will exceed the highest of 
the following "notification levels 11

: 
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(I) Five hundred micrograms per liter (500 ~gil); 

(2) One milligram per liter (1 mg/l) for antimony; 

(3) Ten (10) times the maximum concentration value reported for 
that pollutant in the penni! application in accordance with 40 
CFR 122.21 (g) (7); or 

(4) The level established by the director of the Environmental 
Protection Agency in accordance with 40 CFR 122.44 (f). 

6. Civil and Criminal Liabilitv 

Nothing in this permit shall be construed to relieve the permittee from civil or 
criminal penalties for noncompliance. As long as the conditions related to the 
provisions of"Bypass of Treatment Facilities" (Part Il.A.5), "Upset Conditions" 
(Part II.A.6), and "Power Failures" (Part II.A.S) are satisfied then they shall not 
be considered as noncomplianCe. 

7. Need to Halt or Reduce Activitv not a Defense 

Tt shall not be a defense for a pennittee in an enforcement action that it would 
have been necessary to halt or reduce the permitted activity in order to maintain 
compliance with the conditions ofthis permit. 

8. Oil and Hazardous Substance Liability 

Nothing in this permit shall be construed to preclude the institution of any legal 
action or relieve the permittee from any responsibilities, liabilities or penalties to 
which the permittee is or may be subject under Section 311 of the federal act. 

9. State Laws 

Nothing in this permit shall be construed to preclude the institution of any legal 
action or relieve the permittee from any responsibilities, liabilities or penalties 
established pursuant to any applicable state or federal law or regulation. In 
addition, issuance of this permit does not substitute for any other permits 
required under the Clean Water Act or any other federal, state, or local law. 

10. Propertv Rights 

The issuance of this permit does not convey any property rights in either real or 
personal property, or any exclusive privileges, nor does it authorize any injury to 
private property or any invasion of personal rights nor any infringement of 
federal, state or local laws or regulations. 

11. Duty to Reapply 

Tfthe permittee wishes to continue sn activity regulated by this permit after the 
expiration date ofthis permit, the permittee must apply for and obtain a new 
permit. The application should be submitted at least 180 days before the 
expiration date of this permit. 
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The permittee shall furnish to the administrator of the Water Quality Division, 
withia a reasonable time, any information which the administrator may request to 
determiae whether cause exists for modifying, revoking and reissuing or 
terminating this permit or to determine compliance with this permit. The 
permittee shall also furnish to the administrator, upon request, copies of records 
required by this permit to be kept. 

13. Other Information 

When the permittee becomes aware that it failed to submit any relevant facts in a 
permit application or submitted incorrect information in a permit application or 
any report to the administrator of the Water Quality Division, it shall promptly 
submit such facts or information. 

14. Permit Action 

This permit may be modified, revoked and reissued~ or terminated for cause. The 
filing of a request by the permittee for a permit modification, revocation and 
reissuance, or termination, or a notification of p1anned changes or anticipated 
noncompliance does not stay any permit condition. 

15. Permit Fees 

Once this permit has been issued, the permittee will be assessed a$100.00 per
year permit fee by the Water Quality Division. The fee year runs from January 
1st through December 31st. This permit fee will continue to be assessed for as 
long as the permit is active, regardless of whether discharge actually occurs. 
This fee is not pro-rated. If the permit is active during any portion of the fee 
year, the full fee will be billed to the permittee for that fee year. In the event that 
this permit is transferred from one permittee to another, each party will be billed 
the full permit fee for the fee year in which the permit transfer was finalized. 
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At the request of the administrator of the Water Quality Division, the permittee 
must be able to show proof of the accuracy of any flow measuring device used in 
obtaining data submitted in the monitoring report. The flow measuring device 
must indicate values of within plus or minus ten (10) percent of the actual flow 
being measured. 

2. 208(b) Plans 

Thls permit may be modified, suspended or revoked to comply with the 
provisions ofany 208(b) plan certified by the Governor of the State of Wyoming. 

3. Reopener Provision 

This permit may be reopened and modified (following proper administrative 
procedures) to include the appropriate effluent limitations (and compliance 
schedule, if necessary) or other appropriate requirements if one or more of the 
following events occurs: 

a. The state water quality standards of the receiving water(s) tn which the 
permittee discharges are modified in such a manner as to require 
different effiuent limits than contained in this permit; 

b. A total maximum daily load (TMDL) and/or watershed management 
plan is developed and approved by the state and/or the Environmental 
Protection Agency which specifies a waste load allocation for 
incorporation in this petmit; 

c. A revision to the current water quality management plan is approved and 
adopted which calls for different effluent limitations than contained in 
this permit; 

d. Downstream impairment is observed and the permitted facility is 
contributing to the impairment; 

e. The limits established by !he permit no longer attain and/or maintain 
applicable water quality standards; 

f. The permit does not control or limit a pollutant that has the potential to 
cause or contribute to a violation of a state water quality standard. 

g. If new applicable effluent guidelines and/or standards have been 
promulgated and the standards are more stringent than the effluent limits 
established by the permit. 
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h. In order to protect water quality standards in neighboring states, effluent 
limits may be incorporated into this permit or existing limits may be 
modified to ensure that the appropriate criteria, water quality standards 
and asshnilative capacity are attained. 

i. If new, additional or more stringent permit conditions are necessary for 
control of erosion downstream of the discharges to ensure protection of 
water quality standards. 

4. Pennit Modification 

After notice and opportonity for a hearing, this permit may be modified, 
suspended or revoked in whole or in part during its term for cause including, but 
not limited to, the following: 

a. Violation of any terms or conditions of this pennit; 

b. Obtaining this permit by misrepresentation or fuilure to disclose fully all 
relevant facts; 

c. A change in any condition that requires either a temporary or permanent 
reduction or elimination of the authorized discharge; or 

d. If necessary to comply with any applicable effluent standard or limitation 
issued or approved under Sections 30l(b) (2) (C) and (D), 304 (b) (2) 
and 307 (a) (2) of the federal act, if the effluent standard or limitation so 
issued or approved: 

(I) Contains different conditions or is otherwise more stringent than 
any effluent limitation in the permit; or 

(2) Controls any pollutant not limited in the permit. 

5. Toxicity Limitation- Reopener Provision 

This permit may be reopened and modified (following proper administrative 
procedures) to include a new compliance date, additional or modified numerical 
limitations, a new or different compliance schedule, a change in the whole 
effluent protocol or any other conditions related to the control of toxicants if one 
or more of the following events occur: 

a. Toxicity was detected late in the life of the permit near or pastthe 
deadline for compliance; 

b. The TRE results indicate that compliance with the toxic limits will 
require an implementation schedule past the date for compliance and the 
permit issuing authority agrees with the conclusion; 

c. The TRE results indicate that the tuxicant(s) represent pollutant(s) that 
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may be controlled with specific numericaliJmits and the permit issuing 
authority agrees that numerical controls are the most appropriate course 
of action; 

d. Following the implementation of numerical controls on toxicants, the 
permit issuing authority agrees that a modified whole effluent protocol is 
necessary to compensate for those toxicants that are controlled 
numerically; 

e. The TRE reveals other unique conditions or characteristics which, in the 
opinion of the permit issuing authority, justify the incorporation of 
unanticipated special conditions in the permit 

6. Severabilitv 

The provisions of this pemtit are severable and if any provision of this permit, or 
the application of any provision of this permit to any circumstance is held 
invalid, the application of such provision to other circumstances and the 
remainder of this permit, shall not be affected thereby. 

7. Penalties for Falsification of Reports 

The federal act provides that any person who knowingly makes any false 
statement, representation or certification in any record or other document 
submitted or required to be maintained under this permit, including mortitoring 
repmts or reports of compliance or noncompliance shall, upon conviction, be 
purtished by a fine of not more than $10,000 per violation or by imprisonment for 
not more than two years per violation or both. 
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Patrick J. Co-ank 
Spell!ht, McCue & Co-mk, P.C. 
251 S Warren Avenue, Suite 505 
Cheyenne, WY 82001 
Phone: (30'7)634-2994 
Fu: (307) 635· 7155 

Counsel for L.wwe (Jjl a.nd Gaa Cornpalll/, Inc. 

Blli'ORE THB BHVIROKMER'l'AJ. QUALITY COUNCIL 
OF THE STATE OF WYOMING 

In 1'HE MATTER OF THE APPJMI, 
OJ' CLABAUGH RANCH, INC, II'ROM 
WYPDBS PBRMIT NO. WY004969T 

I 
I 
) 
) _______________________ , Docket Ifo. 08·3802 

AFFIDAVIT OF TERRY H. BROWN, PH.D. 

Terry H. Brown, Ph.D., having been duly sworn, hereby states and allegee as 
fallows: 

1. This Mlidavit is presented in support of Lance Oil & o.,.,., Jn(:. 's Motion for 
Bu:nunacy Judgment and Memoranda In wpport thereof, 

2. Your Affiant is a certified soil scientist and the Principal Scientist with Poudre 
Valley Errvhomnent.al Services, Inc. and is a duly qualified expert wltneu, whO$e 
specific qualificaticne are listed in Lance Oi1 & Gas, Inc. 'a Dea!gnation of Expert 
Witnesses. The expert report your Afllant prepared in this matter ia attached hereto 
as ~bit 1, and is incorporated herein by reference ae J.f fully set forth. Your 
Affiant's expert quBlifications are a Bachelor of Science degree in Forest Manqement 
l'rom Washingtcm State University, a Master of Science degree in Soils from 
Washington State University, and a Ph.D. of Soil Chemistry l'rom the University of 
idaho. 

3. Your Alliant has worked in the Coal Mining Industry for 7 year11 with North 
American Coal Corporatiol'C in North Dakota and with Mobil Oil Corporation near 
Gillette, Wyoming. Your Affiant has worked for 3 yea:" with the u.s. De:Partment of 
the Interior - Ofilce of Surtace Mining in Denver, Colorado. Your Affiant has worked 
for 14 years with the University of Wyomlng Research Corporation dDing applied 
re!llearch in enviromnents.l studies and muoh of this work dealt with probl~ms in coal 
and minerals mining industry and with coal bed natural gas development In the 



Powder River Basin. Your Affiant has provided oonault!ng aervicea in tha ~:U"ea of 
environmental soiences for the past 5 years and currently has minerals induatty 
projects in Alaska, Turkey, South America, Republic of Congo, Dominican Republic, 
and lttdonesia. Your Afllant cuuently has coal mining projects in Alaska and 
Washing, Your Amant hai!l ooal bed n{l.t\1fal gu projecte in the Powder River Basin. 
Your Afi1Mt halt been funded by the U.S. Deplll'tment of EnorllY to 1'C:$eareh using 
al!l!inefecdio waters for benefiQal wile in the Power River Basin. 

4. Your Affiant has over 45 pu.blica.ticne in the soils and environmental science 
areas. 

With ngard to WYPDE$ Pertt'.lt No. WY0049697, i!ll!lll.Cd to Lrmce Oil & Oa10, 

A. 'The reported or measured data for EC and SAR. ehow compliance with 
the end of pipe EC limit of2560 pmhosjcm (2.56 dSfm) and the resulting SAR valuee 
using the revised Ag Use Equation (SAR<(6.57 x EC)- 3.33. (2006 Hansen Fomtulll). 

B. The plant community evaluation completed for the Section 20 ~~r~d 
Supplement for WUd Horse Creek demonstrated that 11mooth bromegrass was ths most 
salt IS(:n&itlve forage found ln the 11tudy area. The plant salt tolerance level for smooth 
bromegraas ia 5 dS/m. as detenniJ::u•d by the Bridger Plant ~ateriala Center. 

C. 'The effluent limits eata.blished for discharge from Outfall 013 are very 
conservative. Finlt, the limit was derived using a aoll salinity value at the low end. of 
the range of values rather than the average value. Second, ~IUI'lpline: at the end of pipe 
does not consider changes in watt:r chemistry a5 it :!lows from the outfall to the 
irrigation meaauring point (IMP). And, third, the quantity of water ciischa:rged from the 
Outfall is very low cuuently at about 200 gal/min with a maximum of 850 gal/min. 

D. Air photos and photographs taken along WUd Horae Creek and its 
tributaries show no evidence of existing atructuree supporting artificially irrigated 
lands. However, the aeries of debria/log dams located In the drainage nt!W cause 
uncontrolled flooding of surrounding bottomland&. Naturally i:nigated \ands may exist 
in lltnited areas a(ljacent to the stream. Pursuant to the depoaitlon of Kenneth 
Clabaugh taken. on June 29, 20009, Mr. Clabaugh bas admitted that no artificial 
irrigs.t!an, i.e., sprinkler eystem11, spreader dikes, headgate~t, etc., have been used on 
the Clabaugh Ranch. 'therefore, ~t is appear!!! the bottomland in 1he Clabaugh Ranch 
ie not p!'otected as defined by Chapter l. !I 20 of the Water Quality ~les and 
Regulations of the WDEQ. 

E. Naturally irrig~>.ted bottomiands IU'e likely characterized with high EC 
values clue to the presence Qf neu-surfa.ce lllluvial aquifen. The alluvial ground 
waters found ln many of the bottoii!lafids ln Wyoming are oharacterl:red with hig!l EC 
val11es. 
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F. Vegetation associated with the bottomlancis oi Wild Horse Creek within 
the Clabaugb Ranch appear to be pasture grasses used for grazing as noted in the 
Appeal submitted by the Attorney for Clabaugh Ranch and notes taken by Mr. 
Fehringer while collecting soil samples ftom unknown locations on the Clabaugh 
Rench, 

G. The vefFtation community aesocia.ted with the gra:dng puture pre$ent 
along Wild Horse Creek in the Clabaugh Ranch area iflo Jil<ely characteruecl. with plant 
species that are moderate tc very tolerant to high salt levels with salt tolerance 
threshold levelsranglng from 5 dS/m to 10 dSfm, 

H. The sOil'-" present along Wild Horse Cr"ek on the Clabaugh Ranch are 
mapped as the Haverdad-Boruff Complex, o to 6 %. Thlssoll complex Is very eitnllar to 
the Haverdad-:eoruff Complex, 0 to 3% elope identified for lilaUs along Wild :Horse 
Creek In the Section 20 evaluation condueted by KC Hervey. Therefore, the soils 
should compare well with regard to chemical and physical conditions. As noted In the 
discharge permit, WYPDES Permit No. WY0049697, the average EC fur the soils 
located upstn:unn of tha Clabaugh Ranch Is 4.22 pmhos/cm. Therefore, soils found in 
the bottomland areas on the Clabaugh Rancb. are lik~ly characterized with similar EC 
values to those evaluated £or the Section 20 analysis. 

I. Assuming that vegetation Is being irrigated on the Cl~augh Ranch, 
the:rc; appears to be no 1!1Cientifio ba&s for establishing a discharge limit far EC at 1. 5 
dS/m. This is true whether or not s low salt threshold plant Ia currently in'i$ated. 
Under natural conditions, the eons are likely characterized with EC values nea:r 4 
dS/m. If plants with. threshold EC values of 1,33 dS/m are growing in the bottomland 
areas growth raterJ would ba expected to be much lower than their 100% yield 
capacity. Irrigating with water characterU:ed with an JJ;C of 1.6 dS/m Ia not expected to 
improve existing conditionlil1or plant growth. 

J. Water dlllchargad fi'om Outfall 0 13 is used for irrigation in a nearby field 
during the growing season. The alfalfl'l. crop grown on this Bite appears to be very 
produotive as siltlificant yields are achieved using the CBNG produced water. The ~Salt 
tolerance for alfalfa Is 4 dS/tn as determined by the Bridger Plant Materials Center. 
Alfalta is considered to be leas tolerant to salt than smooth brome grasa. Your Affi.ant 
believes, bati~ed on the alfalfa production that is being irrigated with the treated water 
from Outfall 013, that the soil in the area of Oil.tfall 013 and the Clabaugh Ranch will 
not be harmed. by inigation with coalbed methane discharge water within the effluent 
limits of the Lance pennit. 



6. This Affld.avit contains your Amant's opinions and conclueiona, which 81!! bued 
on your Affiant's background, education, and experience, together with your Affiant's 
review of deposition testimony, deposition exhibits, affidavits, and ather d.ocuments 
provided in this matter. 

FUR'l'HER YOUR AFFIANT SAI'l'H NOT. 

Dated this ..Jl-~~ of July, 2009. 

S'I'ATE OF C..,/nndo 
COUNTY OF WtWf 

I 
)sa 

1, Teey H. Brown, Ph.D., being duly sworn, depose and say a.s follows: I have 
read the foregoing .Aftldavf.t of Te:try H, Brow:a., Ph.D., know the contents thereof, 
and that the facts set forth therein are true to the best of my knowledge, belief, and 
Information. 

SUBSCRIBED and sworn to before me, a Notary Public, by Terry H. Brown 
Ph.D. on this ....LL day of July, 2009. 

Witne~s my hand and official seal. 

Notazy Public 

My Coromiaaion Expires: 

Po~ m, ?.D aq 



Exhibit 1 



~~=~~ PViES I C ., .-.~=-:-•.. ' N . '"'! .. ~, •• 
"' •·. :• •• Environmental Consultation Services 
··~ .. '.:;~+'"'.#: . .:-::..~.,. 

Report: Evaluation of the Appeal to the Renewal of "-'I'PDES Permit No. WY0049697 
submitted by Clabaugh Ranch 

My name is Teny H. Brown, Ph.D. CPSS and this document represents my statements with 

regard to my evaluation of the Appeal to the Renewal ofWYPDES Permit No. WY0049697 

submitted by Clabaugh Ranch. I am a Principal Scientist with Poudre Valley Enviromnental 

Sciences, Inc and am an Owner. I have a Bachelor of Science degree in Forest Management 

(Watershed Management) from Washington State University, a Master of Science degree in 

Soils from Washington State University and a Ph.D. of Soil Chemistry from the University of 

Idaho. I am a Certified Professional Soil Scientist. I have worked in the Coal Mining Indus!ty 

for 7 years with North American Coal Corporation in North Dakota and with Mobil Oil 

Corporation near Gillette, Wyoming. I have spent 3 years with the USDOI- Office of Surface 

Mining in Denver, Colorado and have spent 14 years with the University of Wyoming Research 

Corporation doing applied research in enviromnental sciences. Much of this work dealt with 

problems in the coal and minerals mining industry and with coal bed natmal gas development in 

the Powder River Basin. I have provided consulting services in the area of enviromnental 

sciences for the past 5 years and cunently have projects in the Minerals industry in Alaska, 

Tmkey, South America, Republic of Congo, Dominican Republic and Indonesia, coal mining in 

Alaska and Washington, and Coalbed Natural Gas work in the Powder River Basin. In addition, 

l have been funded by the US Depattment of Energy to research vru·ious aspects of using 

saline/sodic waters for beneficial use in the Powder River Basin. l have over 45 publications in 

the soils and enviromncntal science area. 

Scope of Work 

I was contacted by Mr. Patrick Crank, Esq. about providing expert witness support with regard to 

the appeal filed by the Clabaugh Ranch to prevent the issuance of Lance Oil and Gas Compru1y, 

Inc WYPDES Pennit renewal No WY0049697, as written, for Outfall 013 that will discharge 

into Wild Horse Creek. The scope of work associated with this evaluation is to determine if the 

basis for the appeal is legitimate, and if not, to provide technical suppmt for 

the issuru1ce of the discharge pennit demonstrating the protection of downstreatn agricultural 

uses in the Wild Horse Creek drainage. This report constitutes an evaluation of existing 
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conditions based on available information and my understanding of the circumstances that 

currently exist in the Wild Horse Creek watershed, and the potential impact of CBNG produced 

water discharged at Outfall 013 on downstream Ag Use. The report is based on the t·eview of 

documents listed in this report and on my knowledge and experience using CBNG produced 

water for beneficial uses in the Powder River Basin. 

Summary of Opinions 

1. The reported or measured data for EC and SAR show compliance with the end of pipe 

EC limit of 2560 11mhos/cm (2.56 dS/m) and the resulting SAR values using the revised 

Ag Use Equation (SAR<(6.67 xEC)- 3.33. 

2. The plant community evaluation completed for the Section 20 and Supplement for Wild 

Horse Creek demonstrated that smooth bromegrass was the most salt sensitive forage 

found in the study area. The plant salt tolerance level for smooth bromegrass is 5 dS/m 

as determined by the Bridger Plant Materials Center. 

3. The effluent limits established for discharge from Outfall 013 are very conservative. 

First, the limit was derived using a soil salinity value at the low end of the range of values 

rather than the average value. Second, sampling at the end of pipe does not consider 

changes in water chemistry as it flows from the outfall to the irrigation measuring point 

(IMP). And, thirdly, the quantity of water discharged from the Outfall is very low 

currently at about 200 gal/min with a maximum of 3 50 gal/min. 

4. Air photos and photographs taken along Wild Horse Creek and its tributaries show no 

evidence of existing structures supporting artificially irrigated lands. However, the series 

of debris/log dams located in the drainage may cause uncontrolled flooding of 

surrounding bottomlands. Naturally irrigated lands likely exist in limited areas adjacent 

to the stream. Therefore, it is unclear whether the bottomland in the Clabaugh Ranch is 

protected as defined by Chapter 1. § 20 of the Water Quality Rules and Regulations of 

theWDEQ. 
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5. Naturally irrigated bottomlands are likely characterized with high EC values due to the 

presence of near-surface alluvial aquifers. The alluvial ground waters found in many of 

the bottomlands in Wyoming are characterized with high EC values. 

6. Vegetation associated with the bottomlands of Wild Horse Creek within the Clabaugh 

Ranch appear to be pasture grasses used for grazing as noted in the Appeal submitted by 

the Attorney for Clabaugh Ranch and notes taken by Mr. Fehringer while collecting soil 

samples from unknown locations on the Clabaugh Ranch. 

7. The vegetation community associated with the grazing pasture present along Wild Horse 

Creek in the Clabaugh Ranch area is likely characterized with plant species that are 

moderate to very tolerant to high salt levels with salt tolerance threshold levels ranging 

from 5 dS/m to 10 dS/m. 

8. The soils present along Wild Horse Creek on the Clabaugh Ranch are mapped as the 

Haverdad-Bomff Complex, 0 to 6 %. This soil complex is very similar to the Haverdad

BoruffComplex, 0 to 3% slope identified for soils along Wild Horse Creek in the Section 

20 evaluation conducted by KC Harvey. Therefore, the soils should compare well with 

regard to chemical and physical conditions. As noted in the discharge permit (WYPDES 

Permit No. WY0049697), the average EC for the soils located upstream of the Clabaugh 

Ranch is 4.22 f!mhos/cm. Therefore, soils found in the bottomland areas on the Clabaugh 

Ranch are likely characterized with similar EC values to those evaluated for the Section 

20 analysis. 

9. Assuming that vegetation is being irrigated on the Clabaugh Ranch, there appears to be 

no scientific basis for establishing a discharge limit for EC at 1.5 dS/m. This is true 

whether or not a low salt threshold plant is currently irrigated. Under natural conditions, 

the soils are likely charactetized with EC values near 4 dS/m. If plants with threshold EC 

values of 1.33 dS/m are growing in the bottomland areas growth rates would be expected 

to be much lower than their 100% yield capacity. Irrigating with water characterized 

with an EC of 1.5 dS/m is not expected to improve existing conditions for plant growth. 

10. The detailed monitoring program committed to by Lance Oil and Gas Company through 

its Water Management Plan and the approved Renewal for the discharge permit provides 
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a good basis for the detailed program suggested by Hendrickx and Buchanan, the 

consultants hired by the Wyoming Environmental Council. 

11. Water discharged from Outfall 013 is used for irrigation in a nearby field during the 

growing season. The alfalfa crop grown on this site appears to be very productive as 

significant yields are achieved using the CBNG produced water. 

Report- Review of Available Information and the Basis for Opinions 

Introduction 

On March 24, 2008 the Water Quality Division of the Department of Environmental Quality 

issued a renewal ofWYPDES Pennit No. WY0049697 to Lance Oil and Gas Company, Inc for 

discharge of CBNG produced water into Wild Horse Creek. The permit was designated as an 

Option 2 pennit allowing produced water to discharge immediately to a Class 2 or 3 receiving 

stream, which is a tt·ibutary to a Class 2AB Perennial Water of the State. In this case, Wild 

Horse Creek flows into the Powder River. Limits to this permit are established at the end of pipe 

and are protective for all designated uses defmed in Chapter 1 ofWWQRR. 

AB noted in the permit, outfalls 001 tln·ough 012 are required to be contained in on-channel 

reservoirs. The permit provides that all produced water will be contained in a series of on

channel reservoirs dnring dry operating conditions. The permit prohibits discharge of effluent 

from the lower most reservoirs except during periods of time when natural precipitation causes 

the lower most reservoir to overtop and spill. The only direct discharge authorized by the permit 

is at Outfall 013, which discharges into the Wild Horse Creek drainage during the winter months 

(outside of the growing season). The pennit requires monitoring for EC and SAR at the 

established in"igation monitoring point (IMP) and at the discharge point that has an end of pipe 

linlit for EC at 2560 ~mhos/em (2.56 dS/m), which is protective of the agricultural uses in the 

Wild Horse Creek drainage as determined by the WDEQ-WQD based on the Section 20 analysis 

performed by KC Harvey, LLC in November 2005 and the Supplement submitted in July 2007. 

As noted in the Permit Renewal, Lance Oil and Gas Company, Inc is obligated to protect 

irrigated agricultural lands from negative impact resulting from the discharge of CBNG produced 
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water. The above noted criteria were determined by the WDEQ-WQD to provide such 

protection. 

In May 2008, the Clabaugh Ranch filed an appeal from the issuance of the \VYPDES permit 

requesting a hearing before the Environmental Quality Council. Clabaugh Ranch has suggested 

that Lance Oil and Gas Company must comply with an EC of 1.5 dS/m and a corresponding 

SAR of 7, which they believe is required to protect the most sensitive vegetation identified 

downstream of Outfall 013. Lance Oil and Gas Company does not agree with this assessment. 

Irrigation Water Suitabilitv Assessment 

Based on the Section 20 and Supplement completed by KC Harvey, the permit established an EC 

effluent limit for Outfall 013 of2560 11mhos/cm (2.56 dS/m) and corresponding SAR values 

based on the Ag Use Equation: SAR < (7 .1 0 x EC)-2.48 where EC represents the EC of outfall 

sample in dS/m. Since the issuance of the permit, the equation has been corrected to the 

following form: SAR < (6.67 x EC)- 3.33. A comparison of the calculated values using the new 

equation and the actual reported or measured values in the field are provided in Table 1. The 

data show compliance with the end of pipe limit for EC of2560 [Lmhos/cm (2.56 dS/m) and the 

resulted SAR values are lower compared to the limits determined using the formula describing 

the Ag Use Equation. Thus the water is detennined suitable for irrigating agricultural lands as 

defined by Chapter 1. § 20 of the Water Quality Rules and Regulations of the DEQ. 

Table 1. EC and SAR Data Collected from Outfall 013 comparing measured SAR Values to 

Calculated Values using the Ag Use Equation. 

Mouth Reported or Measured Reported or Measured Calculated SAR 

EC (!!mhos/em) SAR (using the revised Ag 

Use Equation) 

September 1460 5.2 6.4 

October 2330 8.3 12.2 

November 2420 7.9 12.8 

December 2160 8.9 11.1 
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The suitability of the CBNG produced water discharged from Outfall 013 was clearly established 

in the Section 20 and Supplement completed by KC Harvey for the Wild Horse Creek watershed. 

The plant conununity evaluation detennined that smooth bromegrass was the most salt sensitive 

forage plant found in the study. Smooth bromegrass is expected to produce 100% yields in soils 

with an average root zone EC up to 5.0 dS/m (Bridger Plant Materials Center, 1996). Therefore, 

based on the soil-water EC relationship, dividing 5.0 dS/m by 1.5 yields an EC effluent limit of 

3.3 dS/m for discharged water. Based on the Ag Use Equation described above for inigation 

water exhibiting an EC of 3.3 dS/m, an SAR level of 19 or less would result in no reduction in 

soil infiltration (i.e., no impact to soil stmcture and hydraulic function). As noted in Table 1, the 

measured EC and SAR values of the produced water discharged at Outflow 013 (measured water 

quality) ranged fi·om 1.5 dS/m to 2.4 dS/m for EC and 5.2 to 8.9 for SAR. Comparing these 

values to the EC eftluent limit of2.56 dS/m and the resulting SAR values using the Ag Use 

Equation shows the data easily comply with the default limits for EC and SAR. The measured 

EC values at the Outfall are below the linut established using the most sensitive plant species 

located in the vicinity of Wild Horse Creek. 

Assuming that vegetation is being irrigated on the Clabaugh Ranch, there appears to be no 

scientific basis for establishing a discharge limit for EC at 1.5 dS/m. This is true whether or not 

a low EC threshold plant is currently liTigated. The soils present on the Clabaugh Ranch are 

likely ve1y similar to those described in the Section 20 and Supplement completed by KC 

Harvey as the bottomland soils in both areas are mapped as the same soil complex by the NRCS. 

In addition, samples were collected within a Y< mile of the Clabaugh Ranch property line during 

the Section 20 analysis completed by KC Harvey supporting this claitn. Therefore, the average 

EC of 4.2 dS/m for soils present in the Section 20 is likely close to the values for soils on the 

Clabaugh Ranch. If plants, which are characterized with threshold EC values of 1.3 3 dS/m are 

currently growing on these "saline" liTigated areas of the Ranch, they are lilcely growing at rates 

much lower than the 100% yield capacity. In other words, the growth of the salt intolerant crop 

is suffering greatly by soil conditions existing on the Ranch prior to any irrigation. Proper 

management would suggest that crops characterized with threshold EC values near 4.2 dS/m 

should be planted to maximize forage production it1lieu of the more salt intolerant species. The 

use of irrigation water of 1.3 dS/m or 1.5 dS/m instead oftl1e EC limit for effluent of2.56 dS/m 

will not significantly improve the growing conditions for the plant characterized with a threshold 
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EC of 1.33 dS/m. The use of an effluent of limit of 1.5 dS/m provides an undo restriction on 

Lance Oil and Gas Company without improving conditions for plant growth. 

Conservative Nature of Effluent Limits Established for Discharge at Outfall 013 

The effluent limits established for discharge from Outfall 013 are ve1y conservative. First, the 

specific conductance limit established for discharged water by the WDEQ/WQD was determined 

utilizing conservative methods. The effluent limit was derived using soil salinity data at the low 

end of the range of values rather than the average value. Secondly, the requirement to monitor 

water quality at the Outfall instead of the IMP provides a high level of conservatism for 

protecting irrigated land from impact associated with the discharge of CBNG produced water. 

Sampling at "end of pipe" does not consider changes in water chemistry as it flows from the 

outfall to the Irrigation Measuring Point (IMP). Another important consideration often missed 

when evaluating discharge of produced water is the very small amount of CBNG produced water 

discharged from: Outfall 013. The expected maximum discharge fi"om Outfall 013 is 350 gal/min 

with current flows near 200 gal/min. These flow rates are low resulting in minimal stream ±1ow. 

It is important to understand that the chemistry of produced water measmed at the IMP is 

different from that discharging at Outfall 013. As the treated water flows from the outfall, it 

reacts with the near surface soil environment, weathering the soil materials and mixing with 

surface waters, if present. The relative low pH buffer capacity of the water allows pH changes as 

the water reacts with soils as it migrates downstream. The calcite in the soil may dissolve the 

quantity dependent on pH conditions and on the C02 (g) levels of the soil system, providing a 

source of Ca that will lower the SAR values of the water. The dissolution of other minerals will 

also likely provide cations such as Ca and Mg to the system further lowering the SAR values. 

The weathering process may increase or decrease the salt levels of the water, dependent on the 

solution chemislly changes occurring along the flow path. The water will reflect the nature of 

the soils it interacts with. It is obvious that water at the end of pipe does not represent the water 

used for irrigation at the downsu·ean1 locations. 

Data collected from another site located in the Powder River Basin demonstrates this conclusion. 

Samples collected at the IMP were characterized by lower SAR values compared to samples 

collected at the outfall at the same time (samples collected within 30 minutes of each other) 
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during sampling events conducted in May and June 2003 (Personnel Communication- Throne 

Ranch POD). The samples collected in May were characterized with a SAR value of 10 at the 

outfall and a SAR of 8 at the IMP. Similar results were found during the June sampling at the 

same site with SAR values of 13.8 and 7.1 at the outfall and IMP, respectively. These 

weathering reactions have been shown by a number of investigators to significantly change tl1e 

character of the water from high SAR, sodic conditions to low SAR, non-sodic conditions. It 

should be noted that irrigation water applied to a soil will also significantly change due to the 

soil weathering processes occwTing during irrigation. The initial character of CBNG produced 

water changes soon after it interacts with soil mate1-ials. 

The conservatism used by the WDEQ-WQD to develop effluent limits for discharged water 

provides more than adequate protection for down-strean1 agricultural uses while preventing 

contamination of waters of the State. 

hTigation Activities Downstream of Outfall 013 

An important consideration with respect to applying irrigation use protection linllts to 

downstream areas is whether or not artificial or natural irrigation occurs in such areas. Air 

photos and photographs taken along Wild Horse Creek and its tributaries on the Clabaugh Ranch 

show no evidence of existing shuctures supporting artificially irrigated lands. However, I have 

been told tlmt a series of"trash/log" dams located on the channel may spread water onto adjacent 

bottomlands during low-gradient flow. The structures appear to result in uncontrolled flooding 

of adjacent lands. It is likely that the uncontrolled flooding resulting from the debris dams would 

promote the establishment of undesirable plant species. ill addition, naturally inigated lands do 

appear to exist in linllted areas adjacent to the stream. However, the acreage involved is 

indefinite and therefore, it is unknown whether the area is protected as delined by Chapter 1. § 

20 of the Water Quality Rules and Regulations of the DEQ. 

Although Section 20 of the Wyoming Water Quality Rules and Regulations may or may not 

apply to the Clabaugh Ranch Property, the CBNG produced water entering and flowing through 

the Clabaugh Ranch will meet the requirements of the Wyoming Water Quality Rules and 

Regulations including the irrigation use protection provisions. The existing soil conditions 
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expected on low lying areas adjacent to Wild Horse Creek on the Clabaugh Ranch should closely 

resemble those described in the Section 20 for sites located upstream, unless the soils on the 

Clabaugh Ranch have been poorly managed due to the placement of deb1is dams or by other 

means. Therefore, it is evident that plants existing on these sites, if irrigated, would be protected 

by the effluent limits specified in the WYPDES Permit issued for Outfall 013. 

Salt Tolerances of Grasses Growing on the Clabaugh Ranch Downstream of Outfall 013 

If irrigated lands are found to exist on the Clabaugh Ranch, the most sensitive plant species 

occupying a meaningful portion of the cropland should be used to establish the EC threshold 

values to establish effluent limits for the discharged CBNG produced water. Correspondance 

received by Lance Oil and Gas Company from the Clabaugh Ranch Attorney indicated that the 

most salt sensitive vegetation existing on the Clabaugh Ranch downstream of Outfall 013 was 

characterized with a salt tolerance threshold EC level of 1330 f.!mhos/cm and a corresponding 

SAR of 6. However, the Clabaugh Ranch would accept an EC of 1500 f.!mhos/cm ( 1.5 dS/m) 

and a SAR of7. It's not apparent which plant species f01md on Clabaugh Ranch land is 

characterized with such a salt tolerant thTeshold level and whether or not the site is either 

artificially or naturally irrigated. Inforn1ation collected during the Section 20 and Supplement 

evaluations indicates that the vegetation irrigated via Wild Horse Creek water is dominated by 

grasses with much higher salinity tolerance thTesholds. As a note, the soil salinity tolerance 

threshold of a plant is the maximum soil salinity level at which plant yield is not reduced. 

Vegetation associated with the bottomlands of Wild Horse Creek within the Clabaugh Ranch 

appears to be pasture grasses used for grazing as noted in the Appeal submitted by the Attorney 

for Clabaugh Ranch and notes taken by Mr. Fehringer desc1ibing existing vegetation associated 

with soil samples collected at unknown locations on the Clabaugh Ranch. The plant species 

present are likely similar to species identified in the Section 20 analysis in 2005 and the 

Supplement completed in 2007 for the Wild Horse Creek Watershed completed by KC Harvey. 

The Section 20 and Supplement evaluations noted that the dominant vegetation species fom1d in 

irrigated areas included western wheatgrass (Pascopyrum smithii), crested wheat grass 

(Agropyron cristatum), slender whcatg:rass (Agropyron trachycaulum), and smooth bromegrass 

(Bromus inermis). Western wheatgrass and crested wheatgrass have salinity tolerance threshold 

levels of 6.0 dS/m, while the threshold levels for slender wheatgrass and smooth bromegrass are 
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10 dS/m and 5.0 dS/m, respectively (Bridger Plant Materials Center, 1996). The exact 

vegetation species present in the Clabaugh Ranch pastures along Wild Horse Creek are not 

currently known. However, the grass species expected to be present are likely characterized with 

soil salinity tolerance levels in the 5 dS/m to I 0 dS/m range. 

In summary, the vegetation community associated with the grazing pasture present along ·wild 

Horse Creek in the Clabaugh Ranch area is likely characterized with plant species that are 

moderate to very tolerant to high salt levels with salt tolerance levels ranging from 5 dS/m to 10 

dS/m. 

Characteristics of Soils Established on the Clabaugh Ranch 

The soils present along Wild Horse Creek on the Clabaugh Ranch are mapped as the Haverdad

BontffComplex, 0 to 6% slope. This soil complex is ve1y similar to the Haverdad-Boruff 

Complex, 0 to 3% slope identified for soils along Wild Horse Creek in the Section 20 evaluation 

conducted by KC Harvey. Soil samples were collected within a \4 of the Clabaugh Ranch 

prope1ty line during the evaluation. The only difference is the steeper slope designation for the 

Clabaugh Ranch complex. As a result, the soils should compare well with regard to chemical 

and physical conditions unless management practices were different. As noted in the discharge 

permit (WYPDES PCJmit No. W¥0049697), the average EC for these soils located upstream of 

the Clabaugh Ranch is 4.22 11mhos/cm. Therefore, soils fmmd at similar positions in the 

landscape on tl1e Clabaugh Ranch are likely chamcterized with similar EC values. 

Soils data provided to Lance Oil and Gas Company hy the Clabaugh Ranch appear to 

demonstrate tl1e existence of similar soil conditions. The location of sample collection is not 

known; however, the soil samples were collected from a munhcr of sites associated with grass 

cover by Neal Fehringer in November 2007. Data fi·om thirteen (13) sites were evaluated for 

samples collected fi·om two depth intervals: 0 to 6 inches and 6 inches to 24 inches with the 

exception of sampling site KC-1, which was sampled to the 6 inch depth. The EC and SAR 

values associated with these samples points for the 0 to 6 inch deptl1 interval ranged from 1. 7 to 

20.3 mmhos/cm (dS/m) and fi·om 0.7 to 45.1, respectively. Samples collected fi·om the 6 to 24 

inch depth interval ranged from 2.8 to 17.2 mmhos/cm (dS/m) and from 3.9 to 34.2 for EC and 

SAR, respectively. Soils characterized with high EC and SAR were collected from salty areas as 
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noted on the data Check In Sheets received from Energy Laboratories. Soils with these 

characteristics are likely associated with near surface alluvial aquifers, which often wick salts to 

the surface. This author has found such conditions existing in the Horse Creek drainage. The 

water in the alluvial aquifers was characterized with high salt levels that resulted in elevated EC 

values in the lower to mid horizons of soil profiles due to salt wicking from the water table 

below. As the water table becomes closer to the surface, the salt levels move to higher levels in 

the soil profile. The EC values found in the soils were often several times higher compared to 

the alluvial groundwater source. Since the EC of the water in the alluvial aquifer is likely much 

higher compru:ed to the CBNG produced water, the produced water likely had limited influence 

on the salt levels found in the soils. 

Inigation Management and Monitoring 

As desclibed in the Transclipts of the Conference Call Meeting addressing the mlemaking with 

regard to Section 20, Chapter 1 of the Wyoming Water Rules and Regulations, Hendrickx and 

Buchanan (Consultants) questioned the scientific validity associated with Tier 2 evaluations for 

determining the quality of water previously impacting an inigation site. The consulting 

scientists concluded that the Tier 2 approach of determining previous quality of inigation water 

by taking the average EC of soils found on a site and dividing the value by 1.5 is not a 

scientifically valid approach; however, they indicated that the way it works out in practice seems 

to be quite reasonable. They also have identified the sru11pling method as a major issue with Tier 

2 evaluations. They believe that the srunpling procedure could allow "false" results dependent 

on who does the sampling. The Consultants suggest that 2 different scientists would likely find 

significant differences in results caused by problems acquiring representative samples. The 

Consultants also indicated that the srunpling should include the use of an electromagnetic 

induction system to survey the watersheds to determine the existence of high vs low soil salt 

areas. Therefore, high salt soils would not be mixed or san1pled with low salt soils masking the 

extremes. The differences in salt levels would likely result fi'om the presence of different soil 

types or due to different management practices. Therefore, this type of survey may help a 

sampling program 
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However, the application of good soil evaluation techniques during the sampling program will 

likely provide the basis for acquisition of good composite samples. Soil profiles that do not 

match are not composited but rather are treated as different soils and sampled separately. An 

irrigated field may exist on one landscape but may consist of several soils or variations of the 

same soil due to management differences and therefore are sampled separately. Many of these 

differences can be identified in the field using standard techniques. The bottom line is that soil 

evaluations used during Section 20 evaluations are usually based on soil profile evaluations and 

land management practices and therefore, sampling has not become an issue. 

The Consultants indicated that without good management and monitoring, implementation of the 

results of Tier I, Tier2 and Tier 3 evaluations could lead to problems for irrigated fields. They 

are saying that even using the Tier 1 levels as guidance for efl:1uent limits could cause problems 

to soils and the enviromnent without implementing good management practices including a good 

monitoring program. The discussions documented in the transcripts of the conference call 

suggest that the Consultants believe that the implementation of a good management plan 

followed by frequent monitoring would be the best formula for the development of a successful 

Ag Use Protection Policy or Plan. 

Another comment that was made by the Consultants is that the policy is restrictive compared to 

what the science would suppmt. This statement relates to the fact that CBNG produced water 

can be used for beneficial uses such as inigation without damage to soils if scientific principles 

are used to develop appropriate management plans. Following the implementation of a 

management plan based on good science, a detailed monitoring program should be used to verify 

success and to provide a basis for modification of the plan if a problem is observed. The 

combination of these basic ideals will lead to the successful beneficial use ofCBNG produced 

water. 

The baseline work conducted by KC Harvey dming the Section 20 evaluation of the Wild Horse 

Creek watershed was based on good science and a good sampling program conducted by capable 

scientists. The results of using the 1.5 factor recommended by the USDA for projecting potential 

impact of an irrigation water on a soil, provide a good approximation for an allowable EC value 

for liTigation water required to prevent deterioration of liTigated agricultural lands. Therefore, 
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the established effluent limits dictated in the Renewal Discharge Permit protects irrigation use 

and allows the beneficial use of the water resources. 

It should also be noted that Lance Oil and Gas Company has committed to a detailed monitoring 

plan as outlined in the Water Management Plan developed by Western Water Consultants and as 

required in the Approved Renewal of the WYPDES Pem1itNumber WY0049697. For example, 

water quality monitoring will include sampling at Outfall 013, the IMP and at a point 

downstream in Wild Horse Creek at frequencies dictated in the discharge pe1mit. Monthly load 

limits for TDS and dissolved sodium will be determined to assure compliance with the Powder 

River Assimilative Capacity Policy. Monitoring will also be conducted to assure that erosion 

and sedimentation are controlled at the discharge and in stream charrnels receiving discharge. In 

addition, wetland riparian areas affected by CBNG produced water will be inspected on a 

monthly basis for the first year followed by annual inspections once initial issues have been 

resolved. This monitoring program provides a good basis for the detailed program suggested by 

the Consultants. 

The addition of a monitoring plan that includes frequent monitoring of inigated lands could be 

used to assure successful use of the CBNG produced·water for beneficial use. \Vith the addition 

of a meaningful soil sampling, the overall monitoring program would provide assmances that the 

effluent discharged at Outfall 013 will support agriculture through beneficial use as irrigation 

water while protecting agricultural uses in the Wild Horse Creek drainage and assure compliance 

with the Powder River Assimilation Capacity Policy. However, a soil sampling program would 

require coordination with other producers discharging "raw" water in the Wild Horse Creek 

watershed. The issue of concem is how to demonstmte individual responsibility for impact to 

irrigated lands. 

Conclusions 

Discussions presented in tllis repmt show that the appeal from the issuance ofWYPDES permit 

No. WY0049697 subnlitted by Clabaugh Ranch is not supported with good scientific basis. 

The Section 20 evaluation (2005) and Supplement (2007) conducted by KC Harvey appear to 

provide a thorough examination of tl1e soils and vegetation conditions existing at hrigation areas 

downstream of Outfall 013. Sampling procedmes and data analysis used provided fue 
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infonnation required to determine effluent limits to protect downstream agricultural uses. A 

demonstration of compliance with the effluent limits was accomplished by Lance Oil and Gas 

Company with the monitoring program conducted for the end of pipe discharges. Measured 

effluent EC values and the resulting SAR values calculated using the revised Ag Use Equation 

easily meet the established limits. In addition, the detailed monitodng program committed to by 

Lance Oil and Gas Company provides additional assurances that downstream agricultural use is 

protected. 

The Clabaugh Ranch has claimed that the effluent limits established for the end of pipe discharge 

fi·om Outfall 013 should be changed to meet the threshold limits of vegetation on pastureland on 

the Ranch. The Clabaugh Ranch detennined that an effluent limit of 1.5 dS/m with a 

COJTesponding SAR of 7 should be used. Several conditions provide a strong indication that the 

effluent limits proposed by Clabaugh Ranch for Outfall 013 are not appropriate and are not 

expected to improve existing conditions for plant growth in inigated areas. Several conclusions 

support this finding: (1) the soils described in the Section 20 evaluation conducted by KC 

Harvey appear to be very similar to those present in the bottomlands of the Clabaugh Ranch. 

Therefore, the EC and SAR charactetistics of the soils are expected to be vety similar; and (2) 

the vegetation found on the bottomlands in the Clabaugh Ranch is also expected to be similar to 

that described in the Section 20 evaluation. It appears that the soil and vegetation conditions 

expected to exist on the Clabaugh Ranch are addressed in an appropriate manner in the Section 

20 and Supplement analysis completed by KC Harvey. 

The existence of artificial or natural inigation on the Clabaugh Ranch is questionable. However, 

in my opinion, if irrigated lands are present on the Clabaugh Ranch, the effluent limits developed 

by the WDEQ-WQD, based on the Section 20 and Supplement conducted by KC Harvey, will 

provide protection for the vegetation communities fi·om CBNG produced water discharged fi·om 

Outfall 013. This :finding is based on implementation of good management practices on the 

Clabaugh Ranch. This conclusion is suppotied by the fact that the water discharged fi·om Outfall 

013 is currently used to successfully inigate alfalfa during the growing season at a nearby :field. 

Alfalfa production appears to be very good. 

Hourly Rate 
Regular preparation of materials $150/hr 
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Total Hours 
Total Cost 

Trial/Deposition 

Documents Reviewed 

68 
$10,200 

$175/hr 

1. May 18, 2008, Petition filed in Docket 08-3802 
2. April 8, 2009, Transcript of Conference Call Meeting Proceedings before the 

Environmental Quality Council regarding Chapter 1, Section 20 Rulemaking- Docket 
No. 08-3101 

3. CLABAUGH_PROD-01863 to 01889, Laboratory Analytical Report dated December 24, 
2007 

4. LANCE-00001 to 00246 
5. LANCE-01350 to 01445 
6. LANCE-03454 to 03492 
7. LANCE-03494 to 05078 
8. LANCE-05947 to 06126 
9. LANCE-06211 to 06479 
10. LANCE-06729 to 06888 
11. February 3, 2009, letter from Patrick Crank to Tom Toner 
12. March 5, 2009, letter from Tom Toner to Patrick Crank 
13. March 12, 2009, letter from Patrick Crank to Tom Toner 
14. Apri12, 2009, letter from Patrick Crank to Tom Toner 
15. April9, 2009, letter from Tom Toner to Patrick Crank 
16. May 5, 2009, letter from Patrick Crank to Tom Toner 
17. Renewal ofWYPDES Permit No. WY0049697 (Signed March 2008) 
18. Bridger Plant Materials Center. 1996. Technical Note 26: Plant materials for saline

alkaline soils. USDA- NRCS Bridger Plant Materials Center, Bridger, MT. 
19. Personnel Communication- data collected from Throne Ranch POD 

Publications: Previous 10 years 

Brown, T.H., and A. E. Bland. 1999. The technical feasibility of using PFBC ash to ameliorate 
acid spoil materials. In Conference Proceedings, 15th lntemational Conference on Fluidized Bed 
Combustion. Savannah, Georgia. May 13-16, 1999. 

\\'heaton, John R., Warren P. Phillips, and Teny H. Brov.,-n. 2000. Water budget for a coal
mine-pit lake in southeastern Montana. In Conference Proceedings, 2000 Billings Land 
Reclamation Symposium. Billings, Montana. July 24-28, 2000. 

Phillips, Warren P., John R. Wheaton, and Terry H. Brown. 2000. Geochemical modeling of a 
coal-mine-pit lake in southeastem Montana. In Conference Proceedings, 2000 Billings Land 
Reclamation Symposium. Billings, Montana. July 24-28, 2000. 

Brown, T.H., B.D. Musslewhite and B.A. Buchanan. 2001. Sodicity: A reassessment of the 
influence of sodic/saline conditions on mine land reclamation. In Conference Proceedings, 2001 
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American Society for Surface Mining and Reclamation. Albuquerque, New Mexico. June 2-8, 
2001. pp. 365-371. 

Brown, T.H., L.R. Woomer, B.D. Musslewhite, and T.C. Ramsey. 2001. Threshold limits for 
Se in the coal mining areas of New Mexico. In Conference Proceedings, 2001 American Society 
for Surface Mining and Reclamation. Albuquerque, New Mexico. June 2-8, 2001. pp 379-390. 

Musslewhite, B.D., T.H. Brown, B.A. Buchanan, and T.C. Ramsey. 2001. Weathering 
characteristics of spoil materials at La Plata Mine, Northwestern New Mexico. An eight year 
study. In Conference Proceedings, 2001 American Society for Surface Mining and Reclamation. 
Albuquerque, New Mexico. June 2-8, 2001. 

Jin, S., Drever, J.I., Brown, T.H., and Colberg P.S.J. 2002. Effects of copper on sulfidogenesis 
in metal-contaminated and metal-free sediments. Society of Environmental Toxicology and 
Chemistry North America 23rd Annual Meeting, Nov. 16-20, 2002. p.p. 315 Salt Lake City, 
Utah, USA 

Environmental Regulations in Petroleum Exploration and Refining Industries. Short Training 
Course, China National Petroleum Company, January 21-23, 2003, Beijing, China 

lin, S., T. Brown, S. Affi, and J. Wrumer. 2003. Studies of biodegradation of petroleum
impacted soils under arid conditions by using a respirometer. American Society for 
Microbiology 103 rd General Meeting, May 19-21, 2003. p.p. 521. Washington D.C., USA 

Paul Fallgren, Song Jin, Terry Brown. 2003. Low Bioavailablility and inhibitory effects of urea 
addition in the biodegradation of petroleum-contaminated soil in an arid region. Vittual 
presentation. Society of Environmental Toxicology and Chemistry Asia/Pacific Conference. 
September 28- October I, 2003. Christchurch, New Zealand. 

Jin, S., P. Barnes, M. Heaston, and T. Brown. 2004. Influences of Substrates on Biodegradation 
of Nitroaromatic Compounds. Invited Platfom1 Presentation. March 16, 2004. The 14th West 
Coast Conference on Water, Soil and Sediments, San Diego, California 

Jin, S. and T.H. Brown, Innovative Bioremediation of Petroleum Contanlinants Bioremediation 
of Groundwater and Soils, 2004 Intemational Petroleum Environmental Conference, Oct 12-15, 
2004. Albuquerque, New Mexico 

Jin, S., P. H. Fallgren and T. H. Brown. 2005. Aerated Sewage Sludge as Inoculation for 
Treatment of Acid Mine Drainage, Selected for platfmm presentation at the 15th Annual AEHS 
Meeting and West Coast Conference on Soils, Sediments and Water, March 14-17, 2005, San 
Diego, California 

Musslewhite, B.D., T.H. Brown, G.W. Wendt, and C. Johnston. 2005. Weathering chru·acteristics 
of saline and sadie minesoils in the southwestern United States. p.765-768. In Proc. 2005 
National Meeting of Am. Soc. Mining and Reclam. Breckitwidge, CO. 19-24 Jtme 2005. ASMR, 
Lexington, KY 
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Musslewhite, B.D., J. Vinson, C. Johnston, T.H. Brown, G.W. Wendt, and G.F. Vance. 2006. 
Salinity and sodicity interactions of weathered minesoils in northwestern New Mexico and 
Northeastern Arizona. In: Proceedings Billlings Land Reclamation Symposium, Billings, MT. 
June 5 - 8, 2006. ASMR, Lexington, KY. 

Brown, T.H. 2008. Agricultural Application of Untreated of Untreated CBM Waters. In: 
Report, Produced Water Management and Beneficial Use. Colorado Energy Research Institue, 
Golden, Colorado. Pp 216-287. 

Musslewhite, Brent D., Terry H. Brown, Gary W. Wendt, Christopher R. Johnston, George F. 
Vance. 2009. Simulated Weathering of Saline and Sodic Minesoils from the Four Comers 
Region, USA. Arid Land Research and Management, 23:1,67-84. 

Musslewhite, Brent D., Joe R. Vinson, Christopher R. Johnston, Terry H. Brown, Gary W. 
Wendt, and George F. Vance. 2009. Salinity and Sodicity of Weathered Minesoils in 
Northwestern New Mexico and Northeastem Arizona. J. Environ. Qual. 38:1266-1273. 

Depositions/Trial Experience- Last Four (4) Years (May 2005 to May 2009) 

I. Deposition as expert witness- Case No. 05 CV- I 08 WDM. Paxton Resources, L.L.C. 
vs Williams, Porter, Day & Neville, P.C., Kevin D. Huber, individually, and P. Craig 

Silva, individually. Date March 6, 2006 

Teny H. Brown, Ph.D., CPSS 
Principal Scientist 
PVES, Inc. 
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Attachment A- Resume for Dr. Terry H. Brown 

TERRY H. BROWN, Ph.D., CPSS 

Principal Scientist 

Contact Information: 

Poudre Valley Environmental Sciences, Inc. 

2835 Schooners Court 

Loveland, Colorado 80538 

Experience: 

Poudre Valley Environmental Sciences, Inc. Fort Collins, Colorado. Principal Scientist, July 2004 to Present. 

Environmental Consulting. 

• geochemical modeling of CBM water interacting with soil/overburden layers located below storage reservoirs. 

• reclamation of sadie soils impacted with sadie waters generated from CBNG produced waters 

• using CBNG produced water for beneficial use- irrigation crop and rangelands. Modeling irrigation using 
CBNG produced water with FAO-SWS- US Soil Salinity Laboratory Model. Demonstrating salt transport in the 
soil based on soil chemistry, water budget, and water quality of irrigation water. 

• soil and water quality issues 

• bioremediation of hydrocarbon contaminated soils 

• soil contamination characterization and clean-up; contaminate transport modeling 

• geochemical modeling of CBM water interacting with soil/overburden layers. 

• abatement of acid mine drainage, management of coal bed methane produced water. 

• coal mine issues related to Se toxicity, salinity and sodicity chemistry, final pit impoundment development. 

• Site assessment and due diligence of mine sites and other industrial impacts sites 

• mineral mine compliance with Equator Principles, International Finance Corporation Environmental Guidelines 

and World Bank Environmental Guidelines. Current Projects - Veladero Project Argentina; San Cristobal 
Project Bolivia; Batu Hijau Simbawa Indonesia; Copier Project Turkey; . 

Western Research Institute, Waste and Environmental Management Division, laramie, Wyoming. November, 

1990 to July 2004. Program Manager and Principal Scientist, November 1990 to July 2004. Soil Remediation

applied research and development program. 

• project management and budget control for all projects as principal investigator 

• mined land reclamation- reclamation using appropriate techniques and technologies 

• mined land reclamation- using "waste materials" (fly ash, sewage sludge, paper mill sludge, etc.) to 
remediate mined lands; productivity studies; and metal contamination 

• soil remediation- mercury and other heavy metals removal from soil materials 

• bioremediation of petroleum hydrocarbon sites located in Egypt (microbial stimulation and bioaugmentation) 

• land application of Na/HC03 produced water generated at CBM sites in the Powder River Basin 

• acid mine drainage abatement and control- emphasis on reactions, methods of controlling reactions and 

treatment alternatives 

• acid forming materials- amelioration techniques including liming (ag-lime, fly ash, etc.) 

• fly ash (power plant) use- reclamation and agricultural uses; chemistry and geotechnical 

• soil washing- methods to remove contaminants from the fine or clay fraction of the materials 

• solution chemistry aspects of waste management 

• interactions between fly ash materials and liner systems (clay and synthetic) 
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• other research areas include: colloid formation and mobility, selenium chemistry, mercury chemistry, lead 
chemistry, silicon chemistry, and soil salinity/sodicity. Currently using geochemical/water flow models such as 
EQ3/6, UNSATCHM/FAO-SWS; HYDRUS, MINTEQA2 and MYGRT. 

U.S. Department of Interior, Office of Surface Mining, Technical Assistance Division, Denver, Colorado. August, 

1987 to November, 1990. Soil Scientist, as a technical advisor for reclamation and enforcement activities in the 

western United States. 

• soil and overburden chemistry- data evaluations to project postmining conditions of final reclamation and 
groundwater quality 

• mined land reclamation- evaluations of methods for successful reclamation 
• geochemistry of acid-forming materials {potential acidity and neutralization potential)- determining the 

potential for the development of AM D 
• selenium chemistry- primarily related to reclamation and fly ash disposal and use 
• saline/sadie soil conditions- relating to successful establishment of vegetation due to the osmotic effect and 

to deterioration ofthe physical conditions of the reclaimed sites 
• geostatistical evaluations and sampling of regraded spoil materials- evaluating sampling adequacy for surface 

materials primarily in Texas where topsoil substitution is practiced. 
• worked with state agencies in the western U.S. to develop regional QA/QC programs to improve the 

overburden, soils and water quality data being generated by commercial laboratories 

Soil Scientist, Agriculture Consultant, Moscow, Idaho. October, 1986 to 1987. 

• developed marketing strategies for an ag-lime product developed by the Nez Perce Tribe 
• development of a detailed slide presentation, pamphlet materials, and radio interviews 
• fieldwork was conducted for a research project evaluating the productivity of winter wheat on various 

erosional phases of the important soil series found in the Palouse area of northern Idaho. 

University of Idaho, Soils Department, Moscow, Idaho. August, 1983 to September, 1986. Graduate Research 

Assistant. 

• research- chemistry associated with the heavy use of fertilizers and the resulting soil acidity 
• specific areas of study included: dissolution/sorption reactions, sorption kinetics, and redox reactions 
• hydroponics experiments using growth chamber and greenhouse to assess silica/aluminum relationships and 

toxicity to plants 

Mobil Oil Corporation (Mining Division)- Caballo Raja Mine, Gillette, Wyoming. August, 1982 to August, 1983. 

Environmental Coordinator and Project Manager for environmental activities at the mine. 

• topsoil removal and replacement 
• vegetation establishment and maintenance (seeding, fertilization, etc.) 
• erosion control 
• baseline data development for soils and vegetation 
• coordination of mine permitting activities 
• compliance monitoring {i.e. groundwater and surface water quality, air quality, dust control, etc.) 

Mobil Oil Corporation (Energy Minerals Division)- Denver, Colorado. April, 1980 to August, 1982. 

Environmental Coordinator for compliance and permitting activities associated with the developmental of surface 

and underground coal mining operations. 

• development of baseline data gathering programs necessary for completion of permit applications 
• coordination of mine permitting activities which included environmental impact statement development with 

state and federal agencies 
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• evaluation of perspective projects and/or properties using environmental criteria to determine permitability, 
reclamation potential and cost. 

North American Coal Corporation (Western Division)- Bismarck, North Dakota. January, 1978 to April, 1980. 

Senior Environmental Control Specialist. 

• responsible for acquisition and maintenance of permits relative to air and water quality and solid waste 
management, and other applicable permits 

• establishing monitoring programs relating to air, water and solid waste disposal 
• coordinating activities with governmental agencies and related organizations 
• preparing water management plans for the mine sites including design of impoundments and diversions 
• implementing water management plans directing equipment operations 
• interpretation concerning soil and overburden materials providing guidance for topsoil and overburden 

removal operations 

State of Washington, Department of Natural Resources, Omak, Washington. June, 

Employed as a Forest Soils/Vegetation Specialist. 

1977 to January, 1978. 

• examining and describing the morphological features of soils in standard terminology 
• identifying soil individuals that belong to tentative or established series 
• developing criteria for new and proposed series 
• correlating soil series with tree productivity using various tree site data 

North Dakota State University, Soils Department, Fargo, North Dakota. July, 1976 to June, 1977. Research 

Associate- Principal Investigator. 

• correlation of physical and chemical characteristics of soils and overburden materials in the pre-mining 
condition to the post-mining condition. 

Education: 

BS- Forest Management (Watershed Management), Washington State University, 1974. 

MS- Soil Chemistry, Washington State University, 1977. 

Ph.D.- Soil Chemistry, University of Idaho, 1986. 

Professional Organizations : 

ARCPAC Certified Professional Soil Scientist# 1742 

American Society for Surface Mining and Reclamation 

Western Soil Science Society 

American Chemical Society 

Soil Science Society of America (American Society of Agronomy) 

Selected Projects: 

• Bioremediation- petroleum hydrocarbons {soils and ground water) in harsh environments- Egypt. 
Clients: BP, Tech link, Egyptian Government, U.S. Department of Energy. 

• Use of CBM produced water (high SAR and EC) for irrigation in the semi-arid environments of Wyoming 
and Montana. Clients: Wolverine Corporation, Apache Corporation, ConocoPhillips, Marathon Oil., U.S. 
Department of Energy. 

• In-situ remediation of AMD using bioremediation. Client: Kennecott Energy, U.S. Department of Energy. 
• Development of synthetic soils using waste products from sewage treatment plants and paper mills for 

the reclamation of abandoned mines. Client: State of Montana, Environmental Quality, U.S. Department 
ofEnergy. 
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o Haz-Fiote- removal of Hg from silt and clay particles. Client: U.S. Department of Energy 

• Carbon Sequestration on reclaimed gold mines in Montana. Clients: State of Montana. Department of 
Environmental Quality, U.S. Department of Energy. 

o Impact of fly ash and bottom ash materials from coal fired power plants on clay and synthetic liners. 
Client: Public Service Company of Colorado, U.S. Department of Energy. 

• Environmental assessment, due diligence, and environmental oversight as part of an Independent 
Engineer Group (CAM and Associates) associated with the Veladero Project located in Argentina. Clients: 
Investment Banks including Import-Export Bank of the US, EDC-Canada and others. 

Honors and Awards: 

o Work Performance Awards- U.S. Department of Interior, Office of Surface Mining 

o Co-Author- Best Paper Award at the 13th International Conference on Fluidized Bed 
Combustion, Orlando, Florida 1995. 

o Presenter- 3rd Place Student Paper at the Western Soil Science Society Meetings, Reno, Nevada 1985. 

• A University of Wyoming Research Corporations Distinguished Service Award from the UWRC Board of 
Directors. July 2004. 
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